Abstract. Breast cancer is the most common type of cancer in females worldwide. Patients with breast cancer and bone metastases may experience increased osteoclast activity, resulting in local bone destruction and skeletal complications, including pain, hypercalcemia and skeletal-related events. Intravenous bisphosphonates (BPs) are the standard treatment administered to patients with breast cancer and bone metastases to prevent skeletal-related events. However, in certain patients, BPs may cause renal toxicity, acute-phase reactions and osteonecrosis of the jaw. More effective, safer and more tolerable therapies, which prevent bone destruction and skeletal complications, are required in order to improve patient quality of life. Denosumab is a fully human monoclonal antibody that binds to and neutralizes receptor activator of nuclear factor-κB ligand, which is a key mediator in the pathogenesis of a broad range of skeletal diseases, thereby inhibiting osteoclast function and bone resorption. Therefore, we conducted a meta-analysis to compare both the safety and efficacy of denosumab and BPs in the treatment of breast cancer and bone metastases. Five databases, two clinical trial registry platforms and reference lists of relevant papers were analyzed. The meta-analysis concluded that denosumab was more effective at preventing pain and skeletal-related events than BPs, in patients with breast cancer and bone metastases. Patients receiving denosumab demonstrated a higher level of clinical improvement in terms of health-related quality of life than patients receiving BPs. Compared with BPs, denosumab reduced the incidence of certain indicators of adverse events, including pyrexia, bone pain, edema and renal failure.
Introduction
Breast cancer is the most common type of cancer in females worldwide (135 countries), both in developing and developed countries. There are ~1.38 million new cases and 458,000 mortalities caused by breast cancer each year (1) . More than 209,000 new cases of breast cancer are expected annually in the United States (2) . Bone metastases arises in 70-80% of patients with advanced breast cancer (3) . In America, approximately 69-73% of patients with breast cancer, when examined postmortem, exhibit evidence of bone metastases (4) .
Patients with breast cancer and bone metastases may experience increased osteoclast activity, resulting in local bone destruction and skeletal complications, which include pain, hypercalcemia and skeletal-related events (SREs) (5) (6) (7) . Elevated levels of bone turnover markers, such as urine N-telopeptide, represent excessive levels of bone resorption and predict an increased risk of skeletal complications, which may lead to disease progression and mortality (8) (9) (10) . Pain resulting from bone metastases, in patients with breast cancer, may cause an additional emotional and physical burden for those patients (11, 12) . Hypercalcemia in malignancy is a reversible but potentially life-threatening consequence of advanced disease (2) . SREs, such as fracture and spinal cord compression, are associated with poorer physical, functional and emotional status, lower overall quality of life (13, 15) and reduced survival in cancer patients (16, 17) .
Alleviation of pain and the prevention of bone destruction and SREs can improve the physical, emotional, functional and social aspects of life (18) (19) (20) , improving overall quality.
Intravenous (IV) bisphosphonates (BPs), such as pamidronate (21) and zoledronic acid (ZA) (22) , which are a standard treatment for patients with breast cancer and bone metastases, are effective at preventing the occurrence of SREs (23) (24) (25) (26) . Although IV BPs, such as ZA, pamidronate, and ibandronate can be effective in the treatment of complications caused by bone metastases, bone destruction and skeletal complications
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A meta-analysis of randomized controlled trials still occur in a large proportion of patients. BPs may cause renal toxicity (27, 28) , acute-phase reactions (29) , osteonecrosis of the jaw (ONJ) and IV administration (30) . More effective, safer, more tolerable therapies are required to prevent bone destruction and skeletal complications to improve patient quality of life.
Receptor activator of nuclear factor-κB ligand (RANKL) is a key mediator in the pathogenesis of a broad range of skeletal diseases. In particular, elevated RANKL expression is exhibited in patients with breast cancer (31) . Denosumab, approved by the FDA (32) , is a fully human monoclonal antibody that binds to and neutralizes RANKL, thereby inhibiting osteoclast function and bone resorption. It is administered as a subcutaneous injection and is not excreted through the kidney; a potential advantage when compared with BPs, for patients with chronic kidney disease.
The present meta-analysis was conducted in order to investigate the efficiency and safety of both denosumab and BPs in patients with bone metastases as a result of breast cancer. Inclusion criteria. RCTs that compared denosumab to any intervention for breast cancer and bone metastases were considered eligible. The selected RCTs met the following criteria: i) participants ≥18 years old; ii) patients had not previously received IV BPs; iii) patients with histologically or cytologically confirmed breast adenocarcinoma with at least one bone metastasis; and iv) patients reported at least one of the following results: SRE, overall survival, percentage reduction in bone turnover markers or adverse events (AEs).
Materials and methods

Search
Exclusion criteria. Trials whereby patients had experienced prior treatment with IV BPs were excluded.
Outcome measure. SREs and overall survival time were considered as the primary outcome. SREs included fracture, spinal cord compression, hypocalcaemia, radiation to the bone, bone surgery and hypercalcemia in malignancy. Overall survival time was measured as the time period between the point of entering into RCT and mortality. The secondary outcomes studied were pain and AEs. Pain outcomes were assessed by time-to-event and responder analyses. The brief pain inventory-short form (BPI-SF) scores pain severity on a scale from 0 to 10, where 0 represents 'no pain' and 10 represents 'as severe a pain as the patient can imagine' (33). Pain endpoints included: i) worsening or improvement in pain severity, as measured by the time to an increase or a decrease of 2 points in the pain severity score from baseline and the proportion of patients experiencing an increase or a decrease of 2 points in pain severity; ii) a delay in pain progression, as measured by the time to moderate or severe pain (score, >4 points) among patients who had no or mild pain (score, 0-4 points) at baseline and the proportion of patients experiencing moderate or severe pain among patients who had no or mild pain at baseline; iii) an increase or a decrease in pain interference, as measured by the time to an increase or a decrease of 2 points in the pain interference score from baseline; iv) the time to an increase of 2 points in pain interference among patients who had no or mild pain at baseline; and v) increased analgesic use, as measured by the time to use of strong opioid analgesics and the proportion of patients requiring strong opioid. AEs refer to symptoms or disease caused by therapy. Any outcomes were considered when the information was available.
Data collection and analysis. Two reviewers screened all titles, abstracts and full text independently to identify citations which matched the selection criteria. Disagreements were resolved by discussion. The following raw data were extracted: Number of patients, age, follow-up year, primary patient diagnosis, number of SREs, overall survival time, number of complications and type of medicine.
Assessment of methodological quality. The quality of the included RCTs was assessed using the Cochrane Handbook for Systematic Reviews of Interventions, Version 5.1.0 (34). The following factors were assessed for risk of bias in each study: Generation of the randomization sequence, allocation concealment, blinding method, incomplete outcome data, selective outcome reporting and other sources of bias. All items were rated as either at low, unclear or high risk of bias.
Statistical analysis. For dichotomous outcome results, relative odds ratio (OR) and 95% confidence intervals (CIs) were calculated. For quantitative outcome data, mean differences and 95% CIs were calculated.
Data were analyzed using Review Manager (version 5.1; http://tech.cochrane.org/revman). A P-value of <0.10 was considered to indicate a statistically significant difference and the I 2 statistic was measured to evaluate statistical heterogeneity among studies. When the P-value was <0.10 and the I 2 value was >50%, showing heterogeneity, a fixed-effect model was not suitable and a random-effects model was applied. Sensitive analysis was applied to studies that may have affected the outcomes of the meta-analysis. In this article, sensitive analysis means by excluding studies to observe whether there are changes in the statistical results. The sensitive analyses that are done do not materially change the results and it strengthens the confidence that can be placed in these results.
Results
Screening outcome. Fig. 1 shows the flow chart used for the selection process. After each publication was reviewed, three trials', five RCTs' (34) (35) (36) (37) (38) , included RCT in our study met the inclusion criteria, including a total of 2,330 patients. All included studies were published in English between 2008 and 2013.
Characteristics. Table I contains basic information obtained from the included studies, such as mean age, number of patients, interventions, outcome and study duration. Three trials (36) (37) (38) were from the same study.
Quality assessment outcome. Fig. 2 demonstrates the process used to assess methodological quality, as used in the Cochrane Handbook, Version 5.1.0. All trials were described as randomized, double-blind, double-dummy, active-controlled, multicenter studies. Patients, investigators and staff were blinded to treatment assignments. The incomplete outcome data (likely to be related to true outcome, with either imbalance in numbers or reasons for missing data across intervention groups) and selective outcome reporting were rated as 'Yes'. All other sources of bias were rated as 'unclear', as there was insufficient information available for a suitable judgment to be made.
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Incidence of SREs.
There was no heterogeneity between the studies (P=0.79; I 2 =0%). Comparison of denosumab and BPs (including ZA, pamidronate or ibandronate) for treating breast cancer and bone metastases demonstrated that there was a statistically significant difference in the incidence of SREs (OR 0.61; 95% CI, 0.51-0.72) with the fixed-effect model (Table II) .
Overall survival time. One trial (36) reported overall survival times. There was no significant difference identified between denosumab-and ZA-treated groups (HR, 0.95; 95% CI, 0.81-1.11; P=0.49) and disease progression was similar between the two groups (HR, 1.00; 95% CI, 0.89-1.11; P=0.93) AEs. Table II shows the AEs. Three trials (35) (36) (37) reporting AEs were identified in the two groups. Excluding arthralgia, anemia and dyspnea, AEs showed homogeneity (I 2 <50%). Incidence of pyrexia, bone pain and edema in all AEs was identified to be significantly different between the denosumaband BP-treated groups. (P<0.05). A statistically significant difference in the incidence of ONJ was not observed between the denosumab-treated (20/1020) and ZA-treated (14/1013) groups (P= 0.39) (36). ONJ was not identified in Denosumab or BP groups in another trial (35) .
Pain. One trial (39) assessed pain outcomes, including variation in pain severity, delay in pain progression, an increase or decrease in pain interference and the time taken for an increase of ≥2 points to be observed in pain interference scores among patients who had no or mild pain at baseline. Results revealed that denosumab-treated patients exhibited a lower incidence of worsening pain severity (2-point increase from baseline) than ZA-treated patients. When analyzing the median time elapsed prior to pain worsening, an increase was observed with denosumab (8.5 months) when compared with ZA (7.4 months) (HR, 0.90; 95% CI, 0.80-1.01; P=0.08). Patients treated with denosumab, who had no or mild pain at baseline, experienced a 4-month delay in median time taken for pain to worsen to moderate or severe score, when compared with ZA-treated patients (denosumab, 9.7 months; ZA, 5.8 months; P=0.002). There was no significant difference in the median time elapsed prior to meaningful pain improvement (defined as a change of 2 points) between the groups (denosumab, 2.7 months; ZA, 2.8 months; HR, 1.02; 95% CI, 0.91-1.15; P=0.72). There was also no statistically significant difference in the time taken for an increase in aggregate pain interference to be observed (≥2 points from baseline; denosumab, 16.0 months; ZA, 14.9 months; HR, 0.89; 95% CI, 0.78-1.02; P=0.90) or in the time taken for a meaningful decrease in aggregate pain interference to be observed (≥2 points from baseline) (denosumab, 2.9 months; ZA, 3.2 months; HR, 0.99; 95% CI, 0.86-1.15; P=0.92).
Health-related quality of life (HRQL).
During 18 months, a clinically meaningful improvement in HRQL, defined as a ≥5-point change from baseline, on assessment of a general cancer therapy questionnaire (40) , was reported in one trial (38) . In the present study, an average of 10% more patients treated with denosumab experienced a clinical improvement in HRQL compared with those treated with ZA.
Discussion
Breast cancer is one of the most common causes of cancer-related mortality worldwide. It commonly affects females aged between 45 and 55 years old. Bone is the most prevalent site for distant spread of breast cancer, with more than half of females with metastatic breast cancer experiencing bone metastases (4) . Approximately two-thirds of patients with breast cancer and bone metastasis experience SREs (41), which cause bone pain. SREs and pain can severely affect quality of life and survival of cancer patients.
The purpose of treatment is to delay the progression of bone metastases and enhance the patient's quality of life and survival. Several placebo-controlled trials have demonstrated that BP therapy with zoledronic acid, pamidronate, clodronate and ibandronate can block the progression of tumor cells in the bone, leading to markedly fewer bone lesions and bone fractures in patients (42) (43) (44) . However BP use has limitations: i) IV administration is required and ii) BPs may potentially cause serious adverse effects, such as renal toxicity and ONJ (45) .
Therefore, more effective, safer treatments are required. Denosumab is a fully human monoclonal antibody against the receptor activator of nuclear factor-κB ligand (RANKL), a cytokine that is essential for the formation, function, and survival of osteoclasts. By binding RANKL, denosumab prevents osteoclast-mediated bone destruction (31, 32) .
The present meta-analysis was conducted with the aim of investigating the efficacy and safety of denosumab among patients with breast cancer and bone metastases. SREs were the major focus of this meta-analysis in which the following indicators were combined as SREs: Any pathological fracture, a requirement for surgical intervention and palliative radiotherapy to bone lesions, hypercalcemia in malignancy and spinal cord compression. The current study demonstrated that denosumab was more effective than BP therapy at preventing SREs in patients with breast cancer and bone metastases. It was also revealed that overall survival in the BP group was similar to that in the denosumab group. No significant difference was identified between the two groups for certain AEs, which included the following indicators: Nausea, fatigue, arthralgia, back pain, vomiting, anemia, diarrhea, dyspnea, pain in extremity, headache, constipation, asthenia, cough and renal failure. However, patients with breast cancer that had metastasized to the bone, who were receiving denosumab, had a significantly lower incidence of pyrexia, bone pain and edema than those treated with BPs. Compared with BP treatment, more patients in the denosumab group compared with the BP group had a pain prevention and comparable pain palliation and clinically meaningful improvement in HRQoL.
This meta-analysis included five studies, which were all RCTs, three of which reported different indicators from one trial. All the studies evaluated were multicenter, randomized, double-blind (patients and evaluators), double-dummy trials with clear inclusion/exclusion criteria. All RCTs had comprehensive description of baseline (age, gender and average duration) and described loss to exit the situation. As a result of limited communication channels, a small amount of non-English literature may have been missed. The aforementioned factors may affect the evaluation findings and clinical applicability to a certain extent.
This study contains several other potential limitations: i) although a detailed search strategy was developed, there may still be undetected research; ii) the number of included studies is relatively small; iii) in addition to the use of uniform indicators of SREs and AEs, other observed indicators were less consistent in description and a number of indicators, such as overall survival and pain prevention, were not reported in all trials. All of these factors may affect the strength of the conclusions that have been extrapolated from the meta-analysis.
However, the large sample size (>2,000) and homogeneity of included studies still allowed a conclusion to be made. The findings of this study contribute to growing evidence which suggests that denosumab is more effective than BPs at preventing SREs and pain in patients with breast cancer and bone metastases. Patients receiving denosumab exhibited a higher clinical improvement in HRQL scores and, when compared with BPs, denosumab is considered to be more effective at reducing the incidence of certain indicators of AEs, such as pyrexia, bone pain, edema and renal failure.
